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We present an entirely new approach towards a realization of the supersymmetric Yang-Mills theory
on the lattice. The action consists of the staggered fermion and the plaquette variables distributed in the
Euclidean space with a particular pattern. The system is shown to have fermionic symmetries relating the
fermion and the link variables.
Lattice Gauge Field Theories, Nonperturbative Eects, Supersymmetry and Duality
document Introduction
The vacuum structure of 4 dimensional super Yang-Mills (SYM) theory has been studied by many
authors after the works by Seiberg and WittenSW.See Seiberg for earlier works.n their approach, dualities,
the holomorphy and symmetries of low energy theories play crucial roles.
The lattice gauge theory has proved to be a powerful formulation for gauge theories and made denite
success for non-supersymmetric theories. Many eorts have been paid to formulate the SYM theory on
the lattice with the expectation to provide a non-perturbative method. However this hope has not been
materialized yet due to various diculties against a realization of the SUSY algebra, such as: 1) a realization
of a massless Majorana fermion on the lattice; 2) the absence of the Leibniz rule; 3) we may also count the
absence of the Bianchi identity in lattice formulationsBianchi, which is crucial to show the SUSY invariance
of the continuum SYM.
Among various attempts to formulate the SYM on the lattice, here let us recall a couple of them. Curci
and Venezianocv proposed a formulation based on the Wilson fermion. They claimed that the SUSY WT
identity as well as chiral WT identity would be fullled by the ne-tuning of a fermion mass, ie, once the mass
counter term is appropriately chosen. This claim has been conrmed at the one-loop level in perturbation
theoryTaniguchi, but there is no proof up to now that it should hold in all orders. In recent years, some
numerical studies have been performed for their approachMontovay. However the results are not so clearly
favorable for the presence of SUSY. In this approach the ne-tuning is expected to produce a massless
Majorana fermion.
A latest attempt is based on the Domain Wall fermion (DWF)[7,8]. The authors took the viewpoint
that, except the gaugino mass term, any SUSY breaking interaction is irrelevant around a SUSY xed point
when we have the gauge symmetry and the right degrees of freedom. To realize the latter condition, the
DWF was employed to produce a massless Majorana fermion. In this approach, a SUSY invariant xed
point is assumed for the discussion of the continuum limit. Its validity or plausibility is yet to be claried.
No evident relation is known between the xed point and the DWF approach.
Both of the above approaches use a \mass" term to remove the fermion doublers. If the SUSY requires
that the gauge sector is influenced by the fermion mass term, it may be hard to keep the gauge invariance.
So we choose another way to avoid the doubling problem, ie, the staggered fermionSusskind. It is not a new
idea to use the staggered fermion to realize the SUSY. For earlier attempts, see Refs. aratyn.
In this paper, we propose an entirely new lattice theory with exact fermionic symmetries which relate the
gaugino and the gauge degrees of freedom with Grassmann odd parameters. An overview of its construction
and its properties will be described in the next section. The rest of this paper is organized as follows. In
the sections 3 and 4, we present a model dened on a single hypercube, to be addressed as one cell model,
and show that it has an exact fermionic symmetry (preSUSY). In sections 5 and 6, the model is extended to
the entire Euclidean space, so that the preSUSY survives. The last section is devoted to the summary and
discussion.
An overview of our models
It would be appropriate to present an overview of our approach and strategy before going into the
detailed explanation of our models.
We start our construction from a lattice theory dened on a single hypercube. This model will be
addressed as the one cell model. For this model, written with link variables and site variables (real fermions
in the adjoint representation), we nd an exact symmetry which mixes the link and site variables. This
symmetry will be called the preSUSY.
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Although our theory contains the staggered fermion, it is dierent from the earlier works listed in Ref.
aratyn. Our model is dened on a hypercube or a cell and its preSUSY transformation is clearly dierent
from the SUSY transformation in the latter approach.
The gauge part of the action Sg is written by the ordinary plaquette variables. The fermion action Sf
consists of terms which corresponds to fermions sitting at two neighboring sites connected by link variables.
The coecients for the terms in Sf and those in the preSUSY transformations on the link variables and
fermions, denoted by δU and δψ respectively, are to be determined to realize the preSUSY invariant action.
The preSUSY transformation of the action consists of fermion cubed terms δUSf and linear terms. The
vanishing of the former terms relate coecients in δU and Sf . The condition allows us to have an interesting
fermion action, that is the staggered (Majorana) fermion coupled to link variables. From the vanishing of
the fermion linear terms we may nd a condition relating the remaining coecient in δψ to the rest. In order
to keep the preSUSY invariance even at the quantum level, the path integral measure should be invariant
as well. The Haar measure for the link variables and the Grassmannian measure for the Majorana fermions
is to be invariant as a whole. It will be found that the condition for δUSf = 0 is sucient to show the
invariance of the measure.
We extend the preSUSY invariant one cell model to the entire (Euclidean) space and nd an interacting
cell model. A naive attempt to extend the model tends to end up with the uninteresting \SUSY" trans-
formations: in the naive continuum limit they become O(a), thus the symmetry is a lattice artifact. The
extension presented here avoids the above mentioned diculty owing to a non-trivial space structure.
The fermion part of the action Sf is extended for all the links. The non-trivial structure is introduced
for the gauge part. We classify the hypercubes in the entire space into three categories, the E-cells, O-cells
and the rest. The two dimensional example is shown in Fig. 3. We introduce the plaquette variables
only for E- and O-cells. Those for other hypercubes are missing. A link variable or a plaquette variable
is associated with either an E-cell or O-cell, while the fermion as a site variable belongs to both E- and
O-cells. Accordingly each term in the action belongs to either an E- or an O-cell, and the interactions
between cells are present due to the two-sided nature of the fermions. The discrete translational invariance
by 2a is present by construction. The condition of the preSUSY invariance of the action relates coecients
dened for neighboring cells. Due to this condition, the number of independent parameters in the preSUSY
transformation are reduced drastically.
One cell model
Consider a cell or hypercube in D dimensional Euclidean space. The coordinates of the sites may be
written as r  (r1, r2,   ) with ri = 0 or 1. In this paper, we set the lattice spacing as a = 1.
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